Motor abnormalities represent a neurobehavioral domain of signs intrinsic to schizophreniaspectrum disorders, though they are commonly attributed to medication side effects and remain understudied. Individuals with first-episode psychosis represent an ideal group to study innate movement disorders due to minimal prior antipsychotic exposure. We measured dyskinesias, stereotypies, and catatonic-like signs and examined their associations with: (1) age at onset psychotic symptoms and duration of untreated psychosis; (2) positive, negative, and disorganized symptoms; (3) neurocognition; and (4) neurological soft signs. Among 47 predominantly African American first-episode psychosis patients in a public-sector hospital, the presence and severity of dyskinesias, stereotypies, and catatonic-like features were assessed using approximately 30-minute video recordings. Movement abnormalities were rated utilizing three scales (Dyskinesia Identification System Condensed User Scale, Stereotypy Checklist, and Catatonia Rating Scale). Correlational analyses were conducted. Scores for each of three movement abnormality types were modestly inter-correlated (r=.29-.40). Stereotypy score was significantly associated with age at onset of psychotic symptoms (r=.32) and positive symptom severity scores (r=.29-.41). There were no meaningful or consistent associations with negative symptom severity, neurocognition, or †
Introduction
Intrinsic movement abnormalities have been recognized in schizophrenia since the preneuroleptic era (Fenton, 2000) . For example, Kahlbaum described the syndrome of catatonia in 1874 (Berrios, 2007) , and Kraepelin (1919) later included catatonia (along with hebephrenia and paranoia) as a type of dementia praecox (Fink, 2013) . Abnormal movements-including dyskinesias (involuntary and spontaneous), stereotypies (voluntary and repetitive), and catatonic-like signs (hypokinetic and negativistic)-nonetheless remain an understudied neurobehavioral domain of schizophrenia-spectrum disorders, likely because they are largely attributed to (and indeed partly attributable to) the effects of antipsychotic medications. First-episode patients are an invaluable resource in understanding this phenotypic domain.
Movement abnormalities observed in schizophrenia are also present, though to a lesser extent, among biological family members, indicating probable genetic underpinnings (Koning et al., 2010) . Furthermore, an analysis of childhood, pre-prodromal home videos of individuals who later developed schizophrenia and their siblings showed a greater number of neuromotor abnormalities in the former (Walker and Lewine, 1990) . Motor abnormalities, including involuntary movements, neurological soft signs (NSS), hypokinesia, catatonic signs, echo-phenomena, and Parkinsonism occur in a majority of antipsychotic-naïve patients (Peralta and Cuesta, 2001; Whitty et al., 2009; Peralta et al., 2010) . The prevalence and severity of dyskinesias may increase with age and duration of illness (Whitty et al., 2006; Pappa and Dazzan, 2008) . The existing literature on movement abnormalities is very limited in terms of how this phenotypic domain relates to clinical features and neurocognition, particularly among first-episode patients. Furthermore, in most extant studies, movement abnormalities have been rated during or shortly after a single, unrecorded examination. Because many abnormal movements are subtle and easy to overlook, rigorous ratings based on video recordings-completely independent of ratings of clinical features and neurocognition-would be beneficial.
We evaluated three types of abnormal movements (dyskinesias, stereotypies, and catatoniclike signs). Such motor anomalies were rated in well-characterized, first-episode patients using digital video recordings by a trained clinician who was blinded to other clinical ratings. Associations with four domains of clinical features were examined: (1) age at onset of psychosis and duration of untreated psychosis (DUP); (2) positive, negative, and disorganized symptom severity; (3) neurocognition; and (4) NSS. We also examined three potential covariates, gender, substance abuse/dependence, and antipsychotic medication dosage. Although primarily an exploratory study given the relatively limited literature on clinical correlates of these specific movement abnormalities (and no literature using the particular methodology that we employed), we had four a priori hypotheses, tested specifically to confirm several prior findings in the limited available literature, and assuming a meaningful effect size to be r>|.25| (i.e., greater than a small effect): (1) greater abnormal movements generally would be associated with earlier age at onset (Gervin et al., 1998; Manschreck et al., 2004; Whitty et al., 2006) ; (2) dyskinesia and stereotypy scores would be correlated with positive symptom severity (Cortese et al., 2005; Pappa and Dazzan, 2008) ;
(3) stereotypies would be correlated with severity of disorganization (Peralta and Cuesta, 2001) ; and (4) catatonic-like signs would be associated with negative symptom severity (Peralta and Cuesta, 2001; Pappa and Dazzan, 2008) . Additionally given some degree of conceptual overlap, we expected the three domains of movement abnormalities to be at least modestly correlated with the severity of NSS. We had no a priori hypotheses pertaining to associations between the movement abnormalities and neurocognition, but wished to explore the magnitude of correlations.
Methods

Setting/Sample
Data were collected from a sub-sample of a larger study focused on the effects of premorbid/ adolescent cannabis use on clinical features of early-course psychotic disorders. The study was conducted at public-sector facilities serving a predominantly African American, lowincome, socially disadvantaged population. Consecutively admitted, English-speaking patients with first-episode, nonaffective psychosis, aged 18-40 years, were eligible to participate. Exclusion criteria for the overarching study included known or suspected mental retardation, diagnosis of a substance-induced psychotic disorder, a Mini-Mental State Examination (Folstein et al., 1975; Cockrell and Folstein, 1988 ) score of <24, or a significant medical condition that could compromise ability to participate. Those with ≥3 months of prior treatment with an antipsychotic were excluded, as were those with a history of hospitalization for psychosis ≥3 months prior to the current hospitalization. However, for the majority of patients, the index hospitalization was the first psychiatric evaluation; for example, in the present sample (n=47), 20 patients (42.6%) were admitted directly from the psychiatric emergency service with no prior mental health professional contacts, and another 11 (23.4%) had made just one prior professional contact (e.g., another hospital or an outpatient clinic) that made an immediate referral for hospitalization.
A secondary focus of the larger project was to study movement abnormalities in a subset of this first-episode sample, and for this reason additional data were collected on the initial patients enrolled. Of 56 video recordings that were ultimately available, nine were excluded due to insufficient video quality, yielding a sample of 47 for this analysis. Patients were recruited from the inpatient psychiatric unit of a large, university-affiliated, urban hospital (28, 59.6%), a shorter-stay crisis stabilization unit in the same hospital (11, 23.4%), the psychiatric emergency room of that hospital (3, 6.4%), and a psychiatric crisis center in a neighboring suburban county (5, 10.6%).
General Procedures
Data were collected between August 2008 and July 2010. All procedures were approved by the university's Institutional Review Board, and all participants provided written informed consent. The in-depth research assessment began after the individual was acclimated to the inpatient unit and clinically stabilized enough to take part in the research project, typically around hospital day 4 (median=4, mean=4.8). Video recordings were taken during the semistructured research interview conducted for the purpose of later rating symptom severity. Virtually all patients were assessed within one week of initiating antipsychotic treatment.
Video recordings had a median length of 32.5 minutes (range, 23-33 minutes). For the purpose of the movement ratings described below, videos were played on VLC Media Player 1.1.3, with brightness, contrast, and saturation manipulated to enhance video quality. To ensure thorough and decidedly accurate ratings, videos were viewed 3-4 times, with audio muted, showing the patient's full body, and also zooming in on the face, torso, and legs. Portions were replayed with sound as necessary to differentiate between stereotypies and conversationally appropriate expressive gestures, the latter not rated as abnormal. All movement ratings were completed by a single trained assessor blinded to ratings of clinical/ neurocognitive features, though 14 videos were rated by a second trained assessor to establish inter-rater reliability of the method.
Measures/Rating Scales
Movement abnormalities observable in the videos were rated using three instruments. The Dyskinesia Identification System Condensed User Scale (DISCUS) rates 15 involuntary movements on a 5-point scale (0=not present, 1=minimal, 2=mild, 3=moderate, 4=severe) (Mittal et al., 2008) . Three tongue movements and toe movements could not be rated, resulting in the following 11 dyskinesias being rated: tics, grimaces, blinking, chewing/lipsmacking, puckering/sucking/thrusting lower lip, tongue thrusting/tongue in cheek, retrocollis/torticollis, shoulder/hip torsion, athetoid/myokymic movements of the finger/ wrist/arm, pill rolling, and ankle flexion/foot-tapping. Inter-rater reliability (two raters assessing 14 videos) was .92, the same as previously reported by Kalachnik and Sprague (Kalachnik and Sprague, 1993) . The 10-item Stereotypy Checklist (SC) was used to assess repetitive, abnormal movements in different regions of the body (Bodfish et al., 1995) , applying the same 0-4 rating scale used in the DISCUS (rather than simply present/absent). Locomotor abnormalities were not assessed because videos were recorded while participants were seated during an interview, and vocal abnormalities were not scored as ratings were primarily conducted with audio muted (to maintain blinding of clinical features like delusions and disorganization). The resulting eight items/regions assessed were: whole body, mouth, object, hand/finger, head, eye/vision, ear/hearing, and leg/foot. Inter-rater reliability was .92, higher than reported previously (e.g., .81 in Bodfish et al., 1995) . Catatonic-like signs were measured using an adapted 9-item version of the 21-item Catatonia Rating Scale (CRS) (Bräunig, 2000) . The items (excitement, immobility/stupor, staring, posturing/ catalepsy, grimacing, stereotypy, mannerisms, impulsivity, and perseveration of movements) were rated with a 0-3 scale. Scores in this study had an inter-rater reliability of .88.
Diagnoses of psychotic disorders and substance use disorders were made using the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID; First et al., 1998) . Consensus-based best estimates (using all available information, including collateral interviews with family members when available) of age at onset of psychotic symptoms and DUP were determined as described previously (Compton et al., 2009; Compton et al., 2011) , using the Symptom Onset in Schizophrenia inventory (Perkins et al., 2000) Symptom severity was assessed by clinically trained research staff (blinded to the later ratings of abnormal movements) with the widely used Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987) , following a chart review and an in-depth interview focused on participants' current and past-month symptoms (it was a portion of this interview that was video-recorded). Given the exploratory nature of the study, the original positive and negative subscales were employed, as well as a subscale tapping disorganized symptoms (Perlstein et al., 2001) . Inter-rater reliability of PANSS positive and negative subscale scores, across a number of trained raters in the larger study-calculated using a two-way mixed (judges fixed) effects intraclass correlation (ICC) coefficient analysis of variance model (Shrout and Fleiss, 1979 )-were both .92. As a secondary approach to the PANSS data, we also computed five subscale scores based on a commonly used 5-factor model (Marder et al., 1997) : positive, negative, disorganized, excited, and depressive/anxious. Six neurocognitive domains were assessed using tasks known to produce reliable and valid scores. Speed of processing was measured using the symbol coding subtest of the Brief Assessment of Cognition in Schizophrenia, a timed task that requires one to identify and fill in numbers that correspond to unique symbols (Keefe et al., 2004) . The Neuropsychological Assessment Battery mazes subtest assesses reasoning and problem solving skills (Stern and White, 2003; Nuechterlein et al., 2008) . Verbal learning was measured with the first three trials of the Hopkins Verbal Learning Test-Revised, which requires one to immediately recall words from a list that was read aloud (Benedict et al., 1998) . The first three trials of the Brief Visuospatial Memory Test-Revised served as a measure of visual learning/memory (Benedict et al., 1996; Benedict and Brandt, 1997) . Spatial working memory was evaluated with the Wechsler Memory Scale, Third Edition, spatial span subtest (Nuechterlein et al., 2008; Wechsler, 1997a) and verbal working memory was measured with the Wechsler Adult Intelligence Scale letter-number sequencing subtest (Nuechterlein et al., 2008; Wechsler, 1997b) . Participants' t-scores from these six neurocognitive domains were summed to create a single total neurocognition score.
NSS were rated, again blinded to DISCUS, SC, and CRS ratings, with the Neurological Evaluation Scale (NES; Buchanan and Heinrichs, 1989 ), a structured exam consisting of 26 items, which takes approximately 30 minutes to administer. Three conceptually based subscales can be derived (sensory integration, motor coordination, and sequencing of complex motor tasks; Buchanan and Heinrichs, 1989) , in addition to the total score. Interrater reliability of these three subscales, and the total score, across the three trained raters and 14 participants (one rater conducting the examination, and the other two observing, with all three rating independently)-calculated using a two-way mixed (judges fixed) effects intraclass correlation (ICC) coefficient (Shrout and Fleiss, 1979 )-were .93, .93, .96, and . 96, respectively.
Data Analyses
After confirming that scores were roughly normally distributed (and had adequate variance, as a lack of variance can lead to negative results), bivariate associations between the three abnormal movement scores and the various clinical features were examined using Pearson product-moment correlations. Among participants prescribed risperidone (which was, by far the most commonly used antipsychotic in this sample), associations between scores and atypical antipsychotic (risperidone) dosage were assessed using Spearman rank correlations. Where more than one clinical feature was associated with an abnormal movement score, a multiple linear regression was used to examine independent effects. Analyses were conducted using SPSS 17.0.
Results
Demographic/Clinical Characteristics of the Sample
Participants were 24.3±5.2 years of age and had completed 11.7±2.5 years of school. Most were male (33, 70.2%), African American (43, 91.5%), unemployed (32, 68.1%), and living with family members prior to hospitalization (31, 66.0%). Researcher-derived SCID-based diagnoses during hospitalization included schizophrenia (26, 55.3%), psychotic disorder not otherwise specified (8, 17.0%), schizophreniform disorder (5, 10.6%), schizoaffective disorder (4, 8.5%), delusional disorder (3, 6.4%), and brief psychotic disorder (1, 2.1%). Participants were 21.1±5.8 years of age at onset of psychotic symptoms, and the median DUP was 71.0 weeks (inter-quartile range: 198.0). Of 45 who were assessed for current or past substance misuse with the SCID, 28 (62.2%) met criteria for a cannabis use disorder (abuse or dependence), 20 (44.4%) for an alcohol use disorder, seven (15.6%) for a cocaine use disorder, and four (8.9%) for another substance use disorder (primarily involving ecstasy, or 3,4-methylenedioxymeth-amphetamine).
Among the 43 of 47 patients for whom data on discharge medications were available, only two were prescribed a first-generation antipsychotic agent (haloperidol); some 41 (95.3%) were discharged on a second-generation antipsychotic agent (31 received risperidone only, with a mean dosage of 3.6±1.8 mg daily; two received risperidone and clozapine; three quetiapine; two olanzapine; two paliperidone; and one ziprasidone). Seven of 43 patients (16.3%)-all of whom were receiving risperidone-were also discharged with an anticholinergic agent (four received diphenhydramine 50 mg at night, one received diphenhydramine 50 mg twice daily, and two received benztropine 1 mg at night).
Means of these three scores did not differ between 14 female and 33 male patients. Furthermore, these three scores did not differ between 20 patients with a current or past alcohol use disorder (8 and 12, respectively) and those without alcohol abuse/dependence, nor did they differ between 28 patients with a current or past cannabis use disorder (12 and 16, respectively) compared to those without cannabis use comorbidity. Although the limited sample size is a concern, the SC score was greater among the seven participants with a current or past cocaine use disorder compared to those without cocaine abuse/dependence (p=.02). DISCUS and CRS scores did not vary significantly by cocaine use disorder status.
Among the 31 patients receiving risperidone as a sole antipsychotic agent (the majority of the sample), risperidone dosage at discharge was not significantly associated with DISCUS score (ρ=.25, p=.18), SC score (ρ=-.05, p=.79), or CRS score (ρ=.07, p=.72). Furthermore, there were no significant correlations between risperidone dosage and specific DISCUS signs that may be most likely implicated in acute antipsychotic-induced movement disorders: grimaces (ρ=-.12, p=.51), blinking (ρ=.27, p=.14) , retrocollis/torticollis (ρ=.21, p=.25), and pill rolling (ρ=.21, p=.27) . The three abnormal movement scores were not significantly associated with duration of hospitalization at the time of the assessment, which ranged 1-22 days (4.8±4.2).
Associations between Abnormal Movement Scores and Four Domains of Clinical Features
First, when examining age at onset of psychotic symptoms and DUP, the only significant correlation was between SC score and age at onset of psychotic symptoms (r=.32, p=.05; all other correlations <.21; mean among 12 correlations, .09).
Second, regarding symptom severity, only SC score was significantly correlated with PANSS positive subscale score (r=.29, p=.05), and none of the three scores were associated with negative symptom or disorganization severity. A multiple linear regression was conducted to assess SC scores based on participants' age at onset of psychosis and PANSS positive symptoms (n=41). The regression equation was not significant: F(3,37)=2.52, p=. 07, R 2 =.17; the two variables that were significantly associated with stereotypies in bivariate tests were not independently significant predictors. When we secondarily examined correlations with the Marder et al. (1997) five subscale scores, the only significant correlation was between the SC score and the positive subscale score (r=.41, p=.005); there were no other significant correlations, and all others were <|.20|.
Third, none of the three abnormal movement domains were significantly associated with neurocognition (DISCUS, r=-.11; SC, r=-.04; CRS, r=.19, all p>.05). Fourth, only one of 12 correlations pertaining to the three domains of abnormal movements and NSS scores was statistically significant (Table 2) . Specifically, DISCUS score was significantly, though modestly, correlated with NES sequencing of complex motor tasks (r=.29, p=.05). Sensory integration and motor coordination were similarly modestly (though not significantly) associated with dyskinesias, with the mean across the three correlations being .24. Stereotypies and catatonic-like signs were not associated with NES domains, with means across the correlations of -.02 and -.06, respectively.
Discussion
Contrary to our initial expectations, abnormal motor features are remarkably independent of diverse clinical features of schizophrenia and related psychotic disorders at the time of the first hospitalization. Our initial hypotheses of associations (assuming a meaningful effect size to be r>|.25|) were only partially supported. We found that stereotypy scores were correlated with age at onset and with positive symptom severity scores. Dyskinesia scores were modestly directly correlated with groupings of NSS (r=.18-.29). The finding of a greater stereotypy score in the seven participants with a current or past cocaine use disorder compared to those without cocaine abuse/dependence (and lack of association with the dyskinesia score) should be regarded as preliminary, given the very limited sample size. In general, however, it appears that abnormal movements across the three domains examined represent quite distinct aspects-minimally or not at all associated with symptom domains, neurocognition, and other clinical features-of the clinical phenotype of early-course psychotic disorders. Furthermore, the finding that the DISCUS score did not vary substantially by antipsychotic dosage is important for further establishing that these movements are independent from medication and reflect the pathophysiology of the disorder.
Although we observed several modest correlations (e.g., between stereotypy score and age at onset of psychotic symptoms, stereotypy score and severity of positive symptoms, and dyskinesia score and NSS), inter-correlations among the three domains of abnormal movements were as great or greater (r=.29-.40), though shared measurement variance must be considered in interpreting the latter. Furthermore, the inter-correlations among the three video measures might not be surprising given the conceptual overlap of abnormal movements, stereotypies, and catatonic-like symptoms (Walther and Stric, 2012) . Although there is an accumulating body of literature documenting the presence of abnormal movements in first-episode psychosis (Pappa and Dazzan, 2008) , no prior studies have employed our combination of scales (DISCUS, SC, CRS) and used video recordings for indepth observation (e.g., viewing muted videos 3-4 times, zooming in on specific body regions) to increase detection of subtle movements likely missed with less rigorous techniques. Among 124 non-first-episode patients with schizophrenia and schizoaffective disorder aged 18-45 years, Docx and colleagues (2012) found that catatonia, Parkinsonism, and psychomotor retardation were significantly correlated with PANSS negative ) and general psychopathology (Kendall tau=.19-.36) symptom severity, but not cognitive functioning; the latter lack of association being consistent with our results.
The findings of this study, showing relative independence of motor abnormalities and clinical features, suggests that the former should be the focus of more pathophysiological research, which could contribute to an understanding of neurodevelopment in schizophrenia, novel therapeutic targets, or pharmacological treatments with fewer motoric side effects. Furthermore, in addition to research involving first-episode patients, it would be informative to study motor abnormalities among those considered to be at high clinical risk, or in a putatively prodromal state, perhaps as a means of improving risk prediction.
Several methodological limitations should be addressed in future studies. First, sample size and statistical power were limited; however, in this exploratory, correlational analysis, we were more interested in magnitudes of effects than statistical significance. Second, the relative homogeneity of the study sample may limit generalizability of results, though it increases internal validity. Third, although the rater was blinded to clinical features and videos were very thoroughly reviewed, our method of detecting and measuring abnormal movements by ratings based on video recordings should be further studied in terms of both reliability and validity. Fourth, while the ability to "play back" and review complex movements is not possible during a live motor assessment (and so our methodology, which relied on video recordings rather than direct neurological examinations, might be ideal in this respect), some items (e.g., rigidity) are difficult or impossible to rate without direct interaction with the participant. Because of this limitation, our catatonia ratings were limited to only nine items, which represents just a small proportion of the catatonia syndrome. Fifth, although first-episode psychosis samples are of great value, the participants were not entirely treatment-naïve, though virtually all were within their first week of receiving antipsychotic medications. As noted above, among the majority of patients taking risperidone, discharge dosage (which likely closely resembled dosage at the time of the movement assessment) was not significantly associated with DISCUS, SC, or CRS scores. Yet, despite this lack of association in a relatively limited sample, a substantial proportion of participants on risperidone were treated with anticholinergic medications, suggesting that potential Parkinsonism and other forms of extrapyramidal side effects (EPS) must clearly be taken into account. Unfortunately, we did not have a measure of EPS, such as the Simpson-Angus Scale, which would have been useful. Though challenging, future studies should attempt to measure movement abnormalities prior to the initiation of any medications. Sixth, results from this case-only observational study would have been strengthened by having a healthy control group, matched for age, gender, and race. While the correlational analyses are informative, the means reported herein are difficult to interpret without matched controls.
In future studies of abnormal motor features in first-episode psychosis, it will be important to further consider whether movement abnormalities are useful as a unique domain of the clinical phenotype. That is, once specificity, sensitivity, and state independence are further examined, implications for nosology and risk prediction should be considered. Furthering understandings of abnormal movements in early-course psychotic disorders will help to characterize the heterogeneous and complex manifestations of schizophrenia-spectrum disorders, while perhaps also assisting in mapping the involved neurocircuitry. Total scores on three abnormal movement scales among 47 patients hospitalized for firstepisode, nonaffective psychosis. Table 1 Mean scores on three abnormal movement scales among 47 patients hospitalized for first-episode, nonaffective psychosis. 
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